Keywords: ecology evolutionary algorithm individual-based model predation sleep All mammals thus far studied sleep, yet important questions remain concerning the ecological factors that influence sleep patterns. Here, we developed an evolutionary individual-based model to investigate the effect of predation pressure on prey sleep. We investigated three ecological conditions, including one that assumed a dynamic interaction between predator and prey behaviour. In condition 1, we found that monophasic predators (i.e. with one sleep bout per 24 h) select for monophasic prey that sleep perfectly out of phase with predators. In condition 2, predators were monophasic but the safety of prey varied as a function of their activity (sleeping versus awake). In this condition, the prey adjusted their sleeping behaviour to lower the risk of predation. Finally, in condition 3, we modelled a more dynamic interaction between predator and prey, with predator activity dependent on prey activity in the previous hour. In this scenario, the prey adjusted their behaviour relative to one another, resulting in either greater or lesser synchrony in prey as a function of predator searching behaviour. Collectively, our model demonstrates that predator behaviour can have a strong influence on prey sleep patterns, including whether prey are monophasic or polyphasic (i.e. with many sleep bouts per 24 h). The model further suggests that the timing of sleep relative to predator behaviour may depend strongly on how other potential prey partition the activity period. Ó
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All mammals thus far studied sleep, but the reasons for sleep remain shrouded in mystery (McNamara et al. 2008 (McNamara et al. , 2009 Siegel 2008; Cirelli & Tononi 2008) . Why would an animal spend time sleeping when this entails sacrificing opportunities to find mates and resources, or invest in offspring? The costs of sleep might also have more immediate negative effects on survival, for example when a sleeping animal is more at risk of predation (Lima et al. 2005; Lima & Rattenborg 2007) . Among mammals, the risk of predation at the sleep site varies remarkably. For example, most ungulates on the African savannah are probably too large to find safe sleep sites, while meerkats, Suricata suricatta, in the same area avoid predation by sleeping in burrows underground.
To offset the costs of sleep, it seems likely that sleep provides substantial benefits (see also Cirelli & Tononi 2008) . A variety of benefits have been proposed for sleep, including benefits related to memory consolidation, energy conservation and immune function (Meddis 1983; Zepelin et al. 1989; Berger & Phillips 1995; Stickgold 2005; Lesku et al. 2006; Capellini et al. 2009; Preston et al. 2009 ).
One recent comparative study, for example, found that the number of white blood cells covaries positively with sleep durations across species (Preston et al. 2009 ), while other studies found that sleep characteristics covary with aspects of brain size (Lesku et al. 2006; Capellini et al. 2009 ). Many recent phylogenetic comparative studies have focused on sleep duration, including the duration of rapid eye movement (REM) and nonrapid eye movement (NREM) sleep (e.g. Lesku et al. 2006; Capellini et al. 2008a ). Other fundamental questions concern the phasing of sleep throughout the 24 h cycle (Tobler 1989; Ball 1992) . In one compilation of data on sleep phases, for example, anthropoid primate species were found to exhibit monophasic sleep, in which they typically concentrate most of their sleep time into a single sleep bout per 24 h, while the carnivores were polyphasic sleepers with many sleep bouts (Capellini et al. 2008b) .
Based on comparative studies of mammalian sleep durations, it is also clear that ecological factors constrain the duration of sleep. For example, Capellini et al. (2008a) found that sleep durations are shortened when animals have high metabolic rates for their body size, consistent with foraging constraints that limit the time available for sleep. Capellini et al. (2008a) also found that when animals are more exposed to predation at sleep sites, their sleep durations decline (see also Allison & Cicchetti 1976; Lesku et al. 2006) . In another study, Capellini et al. (2008b) used phylogenetic methods to investigate the factors that influence the phasing
